Abstract
Introduction

30
Supercritical Water Oxidation (SCWO) is an intensive energy process to eliminate 31 organic wastes. For many years the process has been developing technical solutions to 32 achieve results for corrosion and plugins problems [1, 2] . Although its industrial 
35
One of the SCWO challenges is the energy recovery to get shaft work and heat in 36 order to get net energy [4] . Existing literature on SCWO process focusing on clean energy 37 production has been reviewed. Most of the practical development is based on recovering by the use of faster kinetic and by recovering the energy associated to the compression if 57 the work from effluent depressurization could be retrieved by a turbine.
58
The reactor effluent energy can be recovered by a Closed Rankine Cycle through 59 indirect heat transfer to a working fluid but the process is still highly energy demanding total oxidation of the waste within milliseconds residence times, which opens the 65 possibility of developing small combustors to produce high-pressure gas/vapor streams.
66
The application of hydrothermal flames opens a wide field for the production of energy 67 from wastes [7] . The cooled wall reactor developed at University of Valladolid is the only 68 reactor prototype currently in operation with hydrothermal flame as internal heat source 69 that produces a reduced liquid effluent with dissolved solids and a high-pressure and high-70 the pure water used in steam turbine and the flue gases, products of combustion used in 78 gas turbines. The starting conditions of this mixture, around 600 ºC and 23 MPa,
79
determine the near-isentropic path needed for an efficient expansion and route it down 80 this path to an early condensation in terms of a full harnessing of the mixture enthalpy 81 content; depending on course on the specific composition of the mixture. Thus, technical 82 issues concerning the expansion of two-phase streams prevent the effective 83 implementation of direct expansion in the short term. Furthermore, the detailed design of 84 a dedicated, effective turbine would be costly and would take a long time to be carried 85 out. Moreover, the design of such a turbine would be highly dependent on the mass flow 86 rate of the effluent stream, not allowing for wide variation without loss of efficiency.
87
Therefore, a commercial gas turbine is proposed, where the reactor outlet stream is 
99
The main equipment of this pilot plant is the reactor. This device has three inlet lines 
Energy Integration
126
As stated above, the use of supercritical water as reaction media requires extreme 127 pressure and temperature operational conditions entailing high-energy operational 128 expenditure. Liquid water can be compressed using a pump with affordable energy costs.
129
The use of supercritical fluids makes necessary to supply heat of high quality (≈ 400ºC).
130
Because of this, it is necessary to study reasonable solutions which are able to solve this Besides, it is a compact engine, with lower manpower operating needs and ready 140 availability [11] . Also, the gas turbine engine is further recognized for its better 141 environmental performance manifested in curbing of air pollution and reducing the 142 greenhouse effect [12] . For all these advantages it is proved that over the last two decades,
143
GT has seen tremendous development and market expansion. Gas turbines representing The SCWO process produces a high pressure reactor outlet stream, being these mainly 
166
One of the key parameters that must be considered for the design of a SCWO system 167 for energy production is the choice of the oxidant. From the reaction point of view, using 168 air or oxygen shows no influence on the conversion of the feed oxidized [16] . Air is the 169 cheapest material, but it contains a large amount of nitrogen that has to be pressurized,
170
and that acts as a diluent that reduces the temperature of effluents and, therefore, its Boston-Mathias (PRBM) modifications was used.
190
The initial values used in this simulation are experimental data which were obtained 191 from the pilot plan referred above.
192
The feed consists of solutions of lactose in water (mass fraction: 87% H2O and 13% Into the reactor the next reaction happens: Fractional conversion of lactose is 1, i.e. it is oxidized totally. Then, using air with 198 5% of oxygen in excess, the necessary mass flow is roughly 10 kg/h at 20ºC and 1 bar.
199
The lower reactor outlet is composed only of water, the 30% of feed volume flow 200 goes out through the lower reactor outlet.
201
The simulated GT size was chosen such as the net work in the simplest case (case 0) 202 is zero, in other words, energy production by GT is equal to the energy consumed by the In this work, six cases, with different configurations, are simulated and calculated.
211
The first case (case 0) is shown in Figure 2 . It is the most basic configuration and it is 212 taken as the base case for comparison. In this case, there isn't effluent injection, heat 213 integration is achieved from gas turbine flue gases. This gas turbine system (not a built- 
265
In the last case (case 5) ( Figure 5 ) the valve is removed, then, the reactor outlet stream 266 enters the ejector with a high pressure. 
Results and Discussion
The proposed schemes (cases 0 to 5) cited in the previous section were implemented 270 as Aspen simulation files using the PRBM thermodynamic package. Some difficulties 271 relating convergence were experienced due to the multiple block calculators employed,
272
and initial values for some parameters had been to be narrowed to finally run the cases to Table 1, Table 2, Table 3 , Table 4 , Table 5 and Table 6 Turbine and Natural Gas remain the same for every cases for this reason these streams 278 just appear in Table 1 .
279
In Tables 1, 2 , 3, 4, 5 and 6, the different values for principal variables can be seen.
280
The focus of this project is the heat integration and energy generation, for this reason, 281 below, the energetic results are shown and the different cases are compared.
282
In Table 7 the energy consumed and the energy generated in the different 283 configurations are shown. As can be seen, all of these configurations are applicable for 284 heat integration and in addition, the net work generated, calculated as shown in equation
285
(1), is positive (around 2-3 kW). Furthermore, in case 5, the net work is maximum because of the inlet pressure to 296 ejector is the highest (230 bar, outlet pressure from reactor) among the cases.
297
In summary, the best case of heat integration is the case 5 because the net work 298 produced is highest. Differences between cases 2, 3, 4 and 5 concerning the produced net 299 work are small; this is due to the relative amount of the mass flow rate that can be derived 300 to the ejector in order to the final injection pressure in the GT combustor to be reached.
301
In other words, as the mass flow rate of the effluent stream is small in comparison to the 302 mass flow rate of GT air, the fraction of it that can be compressed to the required pressure 303 is small, and thus differences between cases are reduced, being the maximum percentage 
Conclusions
326
The integration of SCWO reactors with the power generation from gas turbines with 327 steam injection showed to be a promising alternative for improving the energy balance of 328 this operation, using compact, commercially available equipment and resulting in 329 energetically efficient processes.
330
In this work several configurations were explored by simulation: GT/heat recovery as 331 utilities (case 0, i.e., one-way integration i.e., GT used as utility with no effluent 332 injection); reactor outlet injected into the GT (both ways integration) after pressure ejector can be a difficult task, albeit much easier than designing a custom turbine.
Different final valve expansion pressures can have a significant influence in shaft 340 work recovery, but this is difficult to assess due to strong dependencies of the maximum 341 allowable value of this pressure on the specific equipment (GT) and injection details.
342
Case 0 is the most basic configuration, there isn't gas injection, and being for this 343 reason the net work produced the lowest. With this configuration, heat integration is 344 achieved to just preheat inlet stream. Energy integration is improved with gas injection in 345 case 1.
346
In case 2, 3 and 4 the high pressure is used to increase energy production using an 347 ejector. The simulation software employed doesn't include an ejector or jet-steam unit,
348
and for this reason a simplified configuration was used.
349
If intermediate pressure is high, the net work is higher, therefore, case 4 is better than 350 case 2 and case 3. These cases are improved whit the case 5. All the outlet pressure reactor 351 is used for the ejector.
352
And finally, the efficiencies obtained (Table 7) Table 1 411 Table 1 . Results from ASPEN simulation (Case 0, no gas injection). 
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